Continuum Electrostatic Calculation on Bovine Rhodopsin: Protonation and the Effect of the Membrane Potential.
In this work, we calculate the protonation probabilities of titratable residues of bovine rhodopsin using the Poisson-Boltzmann equation. We also consider the influence of the membrane potential. Our results indicate that at physiological pH, the titratable groups directly involved in photosensing, namely Glu113, Glu181 and the retinal Schiff base, are charged. In contrast, the residues Asp83, Glu122 and His211, which are buried in the membrane, are uncharged. However, as these later residues are localized in the middle of the membrane, they are exposed to the membrane potential more strongly, which may have important functional implications. Despite of their large distance, Asp83 and Glu122 interact relatively strongly. As these two residues are in contact with opposite sides of the membrane, the membrane potential has different effects on them, which allows an enhancement of the membrane potential signal. An analysis of the different contributions to the protonation energy indicates that conformational changes that reduce the desolvation penalty of Asp83, Glu122 and His211 may lead to a complex protonation pattern change that allows an influence of the membrane potential on the function of rhodopsin. The high degree of evolutionary conservation of these three buried residues supports the idea of their functional importance. Our results are in-line with many experimental findings and lead to new ideas that can be experimentally tested.